INTRODUCTION
Heavy metals contamination of soil is becoming one of increasingly crucial environmental concerns worldwide as they have detriment effects on ecosystems and have a risk to human health. They can enter the food chain via agricultural products or contaminated drinking water. Some of the heavy metals are considered essential plant micronutrients since they are required for plant growth. However, high concentration of heavy metals can potentially cause toxicity (Kabata-Pendias and Mukherjee, 2007; Voegelin et al., 2003) . Many studies have concluded that agroecosystems receive inputs of heavy metals and most soil surface contain high concentration of zinc from the increased use of commercial fertilizers, pesticides, sewage sludge (Kabata-Pendias and Mukherjee, 2007; Mhatre and Pankhurst, 1997) . There are many physical and chemical treatment techniques have been developed to remediate polluted soils. However, phytoremediation provides an eco-friendly and low cost-alternative for the treatment of polluted soils (Khan et al., 2000) . Phytoremediation is the utilization of plant to clean up and remove contaminants such as toxic metals from soil. Metal hyperacumlated plants have the ability to accumulate and tolerate unusually high concentration of heavy metals and concentrate heavy metals in the above -ground plant tissue (Terry and Banuelos, 2000) . Mycorrhiza is symbiotic association between some plant roots and fungi. Arbuscular mycorrhizal fungi (AMF) are considered obligate symbiotic biotrophs. In this relationship the fungus colonizes the cortex cells of host plant root and acts as an extension of the root system. Mycorrhizal fungi increase root absorption area up to 47-fold (Douds and Millner, 1999; Smith and D.J.Read, 1997) . AMF colonise about 80-90% of plants (Li et al., 2014; Brundrett, 2002) and increase host plant growth by improving nutrient uptake (Wu et al., 2011) . Various authors have reported positive impact of AMF on their associated plants in resisting stress such as heavy metals contamination from soil, drought tolerance and pathogenic ( Li et al., 2014; Wehner et al., 2010; Huang et al, 2005) . Mycorrhizal fungi were found to play an important role in remove heavy metal toxicity and the support for vegetation in strongly polluted areas (Akay and Karaarslan, 2011) . Therefore, AMF may play a role in phytoremediation of heavy metals contaminated soil (Khan et al., 2000) . Since there are few studies about the role of AMF in phytoremediation of heavy metals for this reason this study was selected to determine the effect of AMF on the survival and growth of maize plants and zinc removal by maize in zinc contaminated soil under three levels of phosphorus.
A R T I C L E I N F O A B S T R A C T

2-MATERIALS AND METHODS
The experiment was carried out under greenhouse. The soil used was a clay loam collected at depth of (0-20 cm) from Al Belange area which is 6 km west of Albaeda city, Libya. The soil was sieved by (2 mm sieve), soil chemical and textural characteristics were determined as following. Soil texture by hydrometer method, Soil Reaction (pH) by glass electrode method (1:2.5 soil water suspension), soluble salts by Electrical Conductivity (conductivity bridge method), CEC by the sodium acetate-method, the total nitrogen by kjeldahl method, Organic Content by rapid titration method (Black et al., 1965) , available phosphorus by Olsen's method (Olsen et al., 1954) Ca and Mg by titration with EDTA (Graham et al.,1962) , Potassium and sodium by flame photometer (Jackson, 1973) . The main characteristics of the soil were recorded in Table 1 . The sieved soil steamsterilized (121 C for 30 min) and air-dried. Zea mays var. Nelum seeds were surface sterilized with a 0.5% sodium hypochloride solution and washed with sterile water. Three seeds were sown into plastic pots contained 4 kg of sterile sieved soil. The mycorrhizal inoculation was performed at planting. Thirty grams of a mixture of soil with spores and colonized roots of the Arbuscular Mycorrhizal Fungus AMF inoculum (Glomus mossea) was placed 2-3 cm bellow the seeds. The inoculum was produced in sterile soil having Sorghum bicolor (L) as a host plant, for a period of four months in pot culture. The spores of AMF fungus Glomus mossea was provided by plant protection Department, University of Alexandria. A completely randomized factorial design was used with three factors. Inoculation, inoculated with (Glomus mossea) (+M) and nonmycorrhizal (-M). Three levels of phosphorus: (P 0 , P 1 , P 2 ) 0, 25 and 50 mg respectively as a superphosphate and five levels of zinc (Zn 0 , Zn 1 , Zn 2 , Zn 3 and Zn 4 ) 0, 100, 300, 600, 900 mg respectively as ZnSO 4 .7H 2 O with three replicates for each treatment.
Plants were irrigated daily with distilled water. Plants were harvested 90 days after planting. The following variables were measured: dry weight of shoots and roots per pot. The shoot and root plant parts were dried at70°C and were digested by nitro-perchloric. The P concentration in shoots and roots was determined calorimetrically by the molybdate method and of Zn by atomic absorption spectrophotometer. Phosphorus and zinc uptake were calculated for each pot as the sum of nutrient content of shoots and roots for 3 plants (P or Zn concentration x shoot or root dry weight). The percentage of mycorrhizal colonization of roots were estimated by washing the roots with tap water and were cut into 1cm pieces and clarified with 10% KOH at 90ºC for 90 minutes and acidification by HCl (5%) for one minute and staining with trypan blue at 90ºC for ten minutes (Phillips an Hayman, 1970) . Root colonization was counted according
3-RESULTS AND DISSCUTION 3-1 Colonization Rate
There was no mycorrhizal colonization detected in the roots of non-inoculated plants. The highest value of colonization roots in inoculated plants was in treatment (+MP 0 Zn 4 ) 69% while the lower value was in the treatment (+MP 2 Zn 3 ) 35% (table2). Addition of phosphorus fertilization significantly decreased infection rate of roots by AMF and these results are consistent with several studies (Bobbink, 1998; Anderson and Liberta, 1989; De Miranda et al., 1989) . The phospholipid levels in root cell wall correlated with the phosphorus content of root tissue and amount of p added to soil. Root exudation, soluble amino acids and reducing sugars from the roots depend upon the phospholipid level in roots and associated changes in permeability properties of root membranes. When the phosphorus increase in soil and plant tissue led to increase of phospholipids in root cell membrane and decrease of root exudation and decrease infection rate (Ratnayake et al., 1978) . Addition of zinc in low and moderate rates (100 to 300 mg/kg) made non-significant differences of infection rate however when the high rate of zinc was added Zn 3 Zn 4 (600,900 mg/kg), it increased infection rate compared with Plants receiving no applied zinc and phosphorus.
3-2 Shoots and Roots Dry Matter
The results in Tables (3 and 4) demonstrate that the inoculation with AMF increased shoot and root dry matter in most treatments and the highest effects of AMF were in the treatments without addition of phosphorus. The inoculation with AMF increased shoot and root dry mater by 93% and 85% respectively in the treatment received 0 P and Zn (+MP 0 Zn 0 ) comparing with control treatment (-MP 0 Zn 0 ) while the inoculation increased shoot and root dry mater by 160% and 107% respectively in treatment received 0 phosphorus and 900 mg kg -1 Zn (+MP 0 Zn 4 ) comparing with noninoculated treatment (-MP 0 Z 4 ). The effect of AMF on dry mater was insignificant in phosphorus addition treatments (+MP 1 and +MP 2 ) in all Zn levels addition compared to (-MP 1 and -MP 2 ) respectively. Several publications have concluded that AMF has effectively increased plant growth in Pdeficient soils. However, mycorrhizal effect declines as P concentration in the soil and plant increases Valentine et. al., 2001; Lu et al., 1994) . The results indicated that the shoot and roots dry mater decreased with increasing of Zinc addition in all treatments in non-inoculated plants; however, there was no significant effect of the zinc addition on shoots and roots dry matter weight in mycorrhizal plants. These results indicate that AMF increase host plant tolerance to toxicity. Addition of phosphorus, increased dry weight of shoots and roots in mycorrhizal and non-mycorrhizal plants in all levels of zinc addition
3-3 Concentration and Uptake of Zinc
Tables (5 and 6) shows that Zn concentration increased in shoots and roots with the increasing of Zn addition rate. Inoculation with AMF, decreased Zn concentration in shoots of plants that received Zn levels (300, 600 and 900 mg kg -1 ). There was no significant effect of AMF inoculation on Zn concentration in roots plants that received low levels of Zn (0, 100 and 300 mg kg -1)
. However the inoculation with AMF increased Zn concentration in roots plants that received moderate and high levels of Zn (600 and 900 mg kg -1 ). This is good evidence that AMF protect maize plants from Zn toxicity under Zn contamination conditions. The AMF prevent much more Zn translocate from roots to shoots at high concentration of Zn in soil (Gadd, 1993) . This study suggests that the fungi are able to accumulate large amounts of heavy metals by chelating the heavy metals by compounds produce by extraradical mycelium.
The inoculation with AMF increased Zn uptake in shoots and roots in most treatments and the highest effect of AMF was in the treatment received 0 phosphorus and 900 mg Zn (tables 7 and 8). AMF increased Zn uptake in shoots about 100% in the treatment of +M P 0 Zn 4 compared to non-inoculated plants -MP 0 Zn 4 . The results indicate that although AMF decreased the concentration of Zn in mycorrhizal plants, the zinc content (uptake) of shoots was increased as a result of the increase in growth and biomass in mycorrhizal plants which necessary to phytoremediation .We can conclude that AMF can protect host plant from the toxicity of Zn and enhance phytoremediation of Zn contaminated soil by two mechanisms; dilution effects and accumulate Zn in roots and fungi mycelium
3-4
Concentration and Uptake of Phosphorus Inoculation with AMF increased phosphorus concentration and uptake in shoots and roots at all Zn addition levels, tables (9, 10) and tables (11, 12). The highest effect of mycorrhizal colonization was in the plant that did not receive any phosphorus. Addition of phosphorus increased phosphorus concentration and uptake in shoots and roots and the highest values were in mycorrihzal plant that received p2 (50 mg . There was no significant effect of Zn addition on phosphorus concentration and uptake in both inoculated and non-inoculated plants with AMF. Enhanced phosphorus concentration and uptake by AMF is due to the increase of the absorptive surface area of the plant by extramatrical fungal hyphae exploring rhizospheres beyond the root hair zone; which in turn enhance water and minerals uptake (Wu et al., 2011; Li et al., 2014; Smith and Read, 1997) .
